Purpose: The prevalence of seizures in the elderly will increase as populations age. Data is currently limited regarding treatment and especially tolerability of newer antiseizure medications (ASMs). In the current study we aimed to investigate the tolerability of lacosamide (LCS) and zonisamide (ZNS). Method: We performed a retrospective chart review of patients with seizures older than 60 treated with LCS or ZNS in the outpatient setting. We examined seizure variables, medical comorbidities, and concomitant medications. Primary outcomes were the retention rates at last follow up, and the discontinuation rate due to side effects. Results: Seventy-one (71) LCS and 39 ZNS patients were identified. Average age at LCS initiation was 71.0 AE 7.0 years and 49% were medically refractory. Average duration of follow up was 23.1 AE 21.2 months. At last follow up, the retention rate was 60% and seizure freedom rate 52%. Of the 19 discontinuations due to side effects, 7 (37%) were due to dizziness/gait instability. No predictors of discontinuation were identified. Average age at ZNS initiation was 69.7 AE 6.9 years and 51% were medically refractory. Average duration of follow up was 46.3 AE 38.3 months. At last follow up, the retention rate was 64% and seizure freedom rate was 67%. Of the 12 discontinuations due to side effects, 4 (33%) were due to cognitive or behavioral side effects. Predictors of discontinuation included a lower starting dose. Conclusions: Lacosamide and zonisamide are viable options for the treatment of epilepsy in the elderly and have similar retention rates.
Introduction
Epilepsy is most prevalent in elderly patients especially after the age of 60 reaching a prevalence rate of approximately 1.5% by age 75 [1, 2] . As the world's population is aging and the number of people living after the age of 60 is increasing, so will the prevalence of epilepsy. Although it is generally easier to control seizures in this age group, the age-related physiological changes can alter the pharmacokinetic and pharmacodynamic properties of anti-seizure medications (ASMs) making them less tolerable [3] . Unfortunately, the amount of information available in the literature on the tolerability of certain medications in the elderly is still limited because of the scarcity of randomized clinical trials and open label studies involving this age group [4] . In addition, due to the concerns for drug-drug interactions and long term effects of enzyme induction, first generation medications are preferably avoided highlighting the importance of identifying the tolerability of the newer medications [5] .
Zonisamide and lacosamide are two commonly used second and third generations ASMs predominantly used in the treatment of epilepsy, with limited information about their tolerability profile in the elderly. Zonisamide, a benzisoxazole derivative, has a special chemical structure that allows it to act through various complementary mechanisms: blockage of voltage-gated sodium channels, inhibition of T-type Ca 2+ channels, increased g-aminobutyric acid release and inhibition of glutamate release [6, 7] . Lacosamide, a functionalized amino acid, selectively enhances the slow inactivation of voltage-gated sodium channels [8] . The aim of the current study is to investigate the retention rates and tolerability of these two medications in a population of elderly patients with seizures.
Methods
A retrospective chart review of epilepsy patients aged 60 years and older treated with lacosamide or zonisamide in the outpatient setting at Brigham and Women's Hospital (tertiary referral center) and South Shore Hospital (secondary referral center) was performed using the Research Patient Data Registry query tool [9] with zonisamide and lacosamide as search terms and an age cut-off of 60. These two medications were selected given the paucity of data available about their tolerability in the elderly, their common use, and the fact they are predominantly used for epilepsy and have been available for >5 years.
Only patients treated for seizures and followed up at least once after medication initiation were included. Inpatient initiation of lacosamide was excluded due to concerns about the effect of IV loading doses and concomitant acute neurologic illnesses.
Data extraction included seizure variables (etiology, epilepsy duration, seizure frequency, seizure semiology), concomitant medications, BMI, presence or absence of renal insufficiency (estimated GFR < 60 ml/min/1.73 m 2 ) or liver failure (elevated liver function tests), and medical comorbidities. The Charlson medical comorbidities score [10] was also calculated for each individual patient. The drug load at which the medication was initiated and at last follow up was calculated as prescribed daily dose/defined daily dose of the World Health organization (300 mg for lacosamide and 200 mg for zonisamide) [11] . The concomitant use of other ASMs where the major mechanism of action was sodium channel blocking was also noted: carbamazepine, phenytoin, lamotrigine, oxcarbazepine, and eslicarbazepine acetate.
The primary outcomes were the retention rates at last follow up, and the discontinuation rate due to side effects. Each cohort was analyzed separately. The goal was not to perform a head to head comparison given that some patients were on both medications and that the underlying etiology and types of epilepsy were different. The study was an investigator initiated unfunded study with no pharmaceutical company involvement.
Statistics
Descriptive statistics were first obtained with means, and standard deviations for continuous variables and frequencies for categorical variables. A Kaplan-Meier survival method was used to determine the retention rates at 6 months, 1 year, and last follow up for each medication. A univariate Cox proportional hazards regression model was used to determine whether age, BMI the Charlson comorbidity index, initial drug load, number of ASMs, and concomitant sodium channel blockers were predictors of discontinuation. All statistical analyses were performed using the JMP (SAS) 11.0 software.
Results
A total of 71 patients in the lacosamide group and 39 patients in the zonisamide group were analyzed. The clinical characteristics of the cohort are summarized in Table 1 . Eleven patients were exposed to both medications during the follow up period. The discontinuation rate was 22/71 for lacosamide with 19 patients discontinuing the medication due to side effects. The discontinuation rate for zonisamide was 12/39 with 11 patients discontinuing due to side effects. The most common side effects are listed in Table 2 .
Retention rates are shown in Fig. 1 . The 6 months, 1 year and last follow up retention rates were the following for lacosamide: 86%, 75%, and 60% and for zonisamide: 82%, 82%, 64% respectively. The only predictor of discontinuation was the initial drug load of zonisamide (risk ratio 0.29, 95% CI: 0.05-0.95, p = 0.038).
Discussion
In a retrospective analysis of elderly patients with seizures in a real world setting, we found good retention rates of 60% and 64% for lacosamide and zonisamide respectively at last follow up. Dizziness and gait instability were the most frequent side effects with lacosamide while cognitive and behavioral complains were the most common with zonisamide. We chose to focus on these two medications given the limited data available in the elderly and since they are predominantly used for epilepsy.
The treatment of elderly patients with seizures requires special considerations given a number of physiological changes including changes in gastric acidity, liver metabolism, renal excretion, and volume of distribution [3, 12] . Receptor hypersensitivity has also been noted [3] . Randomized clinical trials to guide treatment have been few; in a trial of gabapentin, lamotrigine, and carbamazepine in new onset geriatric epilepsy, early termination was highest for carbamazepine at 64% and lowest for lamotrigine at 44% with a seizure free rate of 63.4% at 1 year [13] . A comparison of lamotrigine vs. extended release carbamazepine, also in new onset geriatric epilepsy, yielded a better retention rate for lamotrigine at 10 months, 73% vs. 67% [14] . More recent trials looking at levetericaetam vs. lamotrigine vs. carbamazepine in the same population noted higher retention rates at 1 year for levetiraetam 61.5% vs. 51.6% for lamotrigine and 45.8% for carbamazepine while the seizure freedom rates were similar at 33.3-42.6% [15] . In an open label study of levetiracetam add-on therapy in geriatric epilepsy, only 10.8% of patients experienced an adverse event and the seizure free rate at 1 year was 58% [16] .
Although the current findings are roughly similar to the retention rates quoted in the literature, a direct comparison to other studies cannot be made given the very heterogeneous nature of our cohorts with different epilepsy types (focal vs. generalized), different etiologies (cerebrovascular vs. neoplastic), higher rates of prior ASM exposure (as opposed to monotherapy trials), and different titration schedules.
Lacosamide is a third generation ASM currently approved as an add-on or monotherapy agent in the treatment of epilepsy. A pooled analysis of the initial phase II and III trials highlighted dizziness and nystagmus as common treatment related side effects [17] , similar dizziness rates were also noted in a large multicenter open label trial [18] . The neurotoxic side effects are especially problematic when it is added to other sodium channel blockers [19] . In our analysis we found dizziness again to be a major complaint in our cohort, as well as gait instability. This is especially important in this patient population due to the risk of falls; the concomitant use of a sodium channel blocker was not a predictor of discontinuation. Retention rates overall were similar to other age groups. In a longitudinal follow up of 403 patients in the UK, the retention rate as an add-on agent was 68% at one year [20] . In an observational study of a cohort of patients treated in Germany with lacosamide added to one antiseizure medication with flexible dosing, a subgroup analysis of elderly patients showed higher rates of seizure freedom (56% at 6 months) and similar rates of treatment emergent adverse events compared to younger patients. Interestingly the maintenance dose was also similar to younger patients with an average of 260 mg per day [21] .
Zonisamide is a second generation ASM currently approved as adjunctive treatment for focal epilepsy. It is considered a broad spectrum agent with a convenient once a day dosing given its long half life [22] . Specific concerns related to this medication and especially in elderly patients include the risk of nephrolithiasis and weight loss [12] . In a large open label study, the 1 year retention rate was 62%, 46% at 2 years, with cognitive and behavioral side effects being the most common reason for discontinuation [23] . Predictors of discontinuation included the patient being on more than three ASMs and starting the titration at a lower dose, 25 vs. 50 mg. We found that lower initial drug load was also a predictor of discontinuation in our study. We hypothesize that the treating physician was concerned about side effects given the patient's history and favored a slower titration schedule. Metabolism of Other side effects included. Lacosamide: memory loss/cognitive slowing Â 3, depression/irritability Â 2, anxiety Â 1, paresthesias Â 1, diplopia Â 1. Zonisamide: memory loss/cognitive slowing Â 2, depression/irritability Â 2, rash Â 2, nephrolithiasis Â 1, increased bruising Â 1, palpitations Â 1. acetylcholine, serotonin, and dopamine is slightly affected by zonisamide, which could explain some of the side cognitive and behavioral effects of the drug [22, 24] . In a pooled analysis of clinical trials of zonisamide as monotherapy or adjunctive therapy a subgroup analysis of elderly patients revealed a treatment emergent adverse event rate of 18%, and a lower rate of severe adverse events as compared to the younger cohort. Fatigue and dizziness were to most common side effects in this cohort while weight loss was not a significant side effects [25] . Similarly, we found a low rate of weight loss leading to discontinuation in our cohort, and only one patient developed nephrolithiasis.
Limitations
The study has several limitations including its retrospective observational nature, the overall small sample size especially for zonisamide preventing a more detailed analysis of co-morbidities, and the non-uniform medication titration based on physician preference. The cohorts were also predominantly Caucasian limiting generalizability to other races. Side effects were also retrieved from the chart rather than reported systematically by the patient. Furthermore, a number of patients on lacosamide were excluded as they received their first dose as an inpatient.
Conclusion
Lacosamide and zonisamide are viable options for the treatment of seizures in the elderly, with gait instability and dizziness being the most prominent side effect for lacosamide and cognitive and behavioral side effects being most prominent for zonisamide.
